Traumatic cardiac dysrhythmias have been observed after being hit by a brick, 4 by a steering column, 24 and by a soccer ball. 12 Fabian et al. 8 described 92 patients who experienced various cardiac dysrhythmias after anterior chest impact (i.e. sternal or rib fractures) and Leor et al. 12 observed multiple ventricular premature contractions in patient with blunt trauma to the left precordium. In some studies, patients who developed cardiac dysrhythmia had no history of cardiovascular diseases. 1, 15 Traumatic cardiac dysrhythmias usually developed within the first several hours 26, 27 or within 24 to 48 hours after injury; 19,28 -30 however, some patients with trauma experienced life-threatening dysrhythmias several days after an episode of injury. 2 To our knowledge, no population-based studies have examined the relationship between thoracic trauma and cardiac dysrhythmias. Our previous study showed that trauma may be independently associated with such serious cardiac events as acute myocardial infarction 31 and cardiac valve insufficiency. 32 Although potentially treatable, cardiac complications of thoracic or cardiac trauma such as heart failure or cardiac dysrhythmias are difficult to predict. 33, 34 The objective of this research, therefore, was to determine whether thoracic and blunt cardiac injuries are significantly associated with certain cardiac dysrhythmias. A matched case-control study of the association between thoracic and blunt cardiac injuries and cardiac dysrhythmias was conducted based on a database of all hospital discharges from 33 states in the United States. -Clinical Modification (ICD-9-CM) diagnosis codes, procedure codes, diagnosis-related groups, total charges, primary and secondary sources of payment, insurance coverage, discharge status, length of stay, and procedure days from admission. 35, 36 Cardiac dysrhythmias were identified based on ICD-9-CM codes. These included premature supraventricular beats (ICD-9-CM 427. There were 672,043 cases with the dysrhythmia of interest. All dysrhythmias of interest were combined into a single outcome. Controls were matched for age (Ϯ1.5 years) in the ratio 1:1 by random selection of individuals within the database. All controls were free of reported dysrhythmia based on ICD-9-CM codes.
MATERIALS AND METHODS
Thoracic trauma was identified based on ICD-9-CM diagnostic codes: 807.0 -807. 4 37 Blunt cardiac injury was identified based on ICD-9-CM diagnostic code (861.01).
Potential confounding factors included patient-level demographic characteristics such as age, race (white vs. nonwhite), and gender (male vs. female). Length of stay was categorized as a categorical variable (Յ3 days vs. Ͼ3 days). Primary source of payment included Medicare, Medicaid, private including HMO, self-pay, no charge, and other.
Paired case-control analyses were conducted with results reported for analyses and subset analyses where the number of observations (i.e., individual discharge records) in any given cell of tabulated data was Ͼ10. 35 Data cells where the number of observations was Յ10 were collapsed. 36 Analyses initially employed unadjusted conditional logistic regression to examine the relationships among thoracic trauma, blunt cardiac injury, and cardiac dysrhythmia. Subsequently, covariates were introduced using the multivariate extension for McNemar Test for matched case-control studies (conditional logistic regression) to assess the relationship between trauma and dysrhythmias adjusting for patient-level characteristics. To test for interactions, a product term was calculated by multiplying the dichotomized exposure of interest (i.e., thoracic or blunt cardiac injury) with variables reflecting each 10-year age group strata. The interaction term was included in a model along with all available potentially confounding covariates: gender, race, length of stay, and source of payment. Models with and without interaction terms were analyzed revealing thoracic injury-age 51 to 60 and thoracic injury-age 61 to 70 interaction product terms that were statistically significant. Therefore, we stratified our analyses by age groups of Յ50 years, 51 to 70 years, and Ն71 years. This stratification is also relatively consistent with age grouping (Յ45 years vs. Ն46 years) used previously by us 31 and others. 38, 39 When appropriate, odds ratios and 95% confidence intervals (CIs) were calculated from logistic models. Calculations were performed using SPSS for Windows (version 12.0; SPSS, Chicago, IL).
RESULTS
Among 672,042 cases of dysrhythmia, 988 (0.15%) had thoracic trauma and 126 (0.02%) had blunt cardiac injury. Among 672,042 controls, 1,193 (0.18%) had thoracic trauma and 90 (0.01%) had blunt cardiac injury. Social and demographic characteristics of cases and controls are presented in Table 1 . There were fewer female patients (50.9 vs. 59.3) and more white patients diagnosed with cardiac dysrhythmia (64.9 vs. 59.8) compared with controls. Almost 80% of cases had atrial fibrillation, the most prevalent type of dysrhythmia in our study, followed by paroxysmal ventricular tachycardia and atrial flutter (about 7% each) and other dysrhythmias (about 1% each).
In unadjusted logistic regression analyses, thoracic trauma was significantly associated with a moderate decrease in the risk for cardiac dysrhythmia among patients 71 years and older whereas blunt cardiac injury was significantly associated with increased risk for cardiac dysrhythmia among all age groups; however, this result was not statistically significant (Tables 2 and 3 ). In the multivariate conditional logistic regression analyses, patients Յ50 years old diagnosed with blunt cardiac injury had a fourfold (95% CI, 1.40 -11.60) increase in the risk of cardiac dysrhythmia (Table 2). Independent of potential confounding factors, discharge for blunt cardiac injury among patients 51 to 70 years was associated with a twofold (95% CI, 1.36 -3.82) increased risk for cardiac dysrhythmia (Table 2) . After adjusting for potential confounders, discharge for thoracic trauma was found to have moderately decreased risk for cardiac dysrhythmia among people 71 years and older (Table 3) . 
DISCUSSION
This article represents the first attempt to look at the association between thoracic and cardiac trauma and cardiac dysrhythmias at a large population-based level. Populationbased studies are important in that they reduce the potential for selection bias and confounding, both of which may limit the interpretation of case reports. In addition, populationbased studies that include control groups provide quantitative estimates of association as well as better estimates of public health impact.
We found that patients 50 years and younger diagnosed with blunt cardiac injury had a fourfold increase, whereas patients 51 to 70 years old diagnosed with the same type of injury had a twofold increase in the risk of cardiac dysrhythmia. Several mechanisms have been hypothesized to explain cardiac dysrhythmias resulting from trauma, including abnormal perfusion patterns, vagal sympathetic reflex, and abberant conduction by damaged myocardial cells. 40 Local hypoxia and ischemia caused by increased intravascular rouleaux formation owing to trauma 41 may also contribute to the mechanism of traumatic cardiac dysrhythmias. The mechanism of traumatic cardiac dysrhythmias was studied in animals. Schlomka conducted a series of experiments where he traumatized the heart by direct blows. Both ventricular tachycardia and fibrillation were observed. 42 Link et al. 43 conducted a series of low-energy impacts to the chest wall in a swine model. It has been demonstrated that the risk and type of dysrhythmia depend on when the impact occurred during the cardiac electric cycle. 43, 44 In addition, the risk of cardiac dysrhythmia was found to be directly proportional to both the force and speed of the impact and inversely proportional to the size of the contact area. 43 Evidence that cardiac dysrhythmias may result from relatively "mild" sports trauma, perhaps suggesting that the strength of the impact is less important, has been also introduced by various researchers who noticed that various types of dysrhythmias may appear from usually innocent-appearing chest blows in various sport activities. 45 On the other hand, by using the swine model it was shown that even low-energy impact can have immediate and significant effect if applied during a short and vulnerable time interval (i.e. upstroke of the T wave), resulting in ventricular fibrillation. 43 Atrial fibrillation, one of the most common cardiac dysrhythmias encountered in clinical practice 46 was found to be the most common form of dysrhythmia that presents after chest injury. 4 -8,11,22,23,30,47-49 In the study conducted by Seguin et al., 50 independent of confounding factors, blunt thoracic trauma was associated with a 17-fold increased risk for atrial fibrillation. The relatively short observation of patients for the presence of some confounding factors such as the presence or absence of shock as well as the relatively low incidence of atrial fibrillation were the main limitations of this study. Another limitation of this study was the lack of assessment for blunt cardiac injury among patients with blunt thoracic injury, which may explain the disagreement in results between this and our study.
Although chronic cardiovascular conditions, such as ischemic heart disease or rheumatic diseases, are major cause of atrial fibrillation, in about 10% of people with this type of dysrhythmia, the "true" cause is unknown. 51, 52 Blunt cardiac injury was found to be one of the causes of atrial fibrillation but this type of injury is difficult to diagnose. 7, 30, 49 In a previous study, we have found that blunt cardiac injury is much less frequent when identified through ICD-9-CM and when compared with thoracic injury (57,270 vs. 2,709 respectively). 31 In addition, relatively mild mechanical impact to the chest can result in serious cardiac dysrhythmia even without significant blunt cardiac injury. 53, 54 On the other hand, cardiac injury may be produced by external traumatic agent without symptoms of significant chest trauma. 55 This probably can explain the lack of association between chest trauma and cardiac injury in our study. Both supraventricular and ventricular paroxysmal tachycardia have been reported after thoracic and cardiac trauma. 6, 8, [12] [13] [14] [15] 20, 24 Most traumatic cardiac dysrhythmias and electrocardiogram (ECG) changes are transitory conditions that are usually represented as ST-T changes of extrasystoles. 11, 15, [17] [18] [19] [20] [21] Some traumatic cardiac dysrhythmias such as ventricular fibrillation, however, may lead to immediate death. 16, 23, 25 This phenomenon is poorly understood and in some cases is described as commotion cordis, a life-threatening event occurring mostly in young sportsmen. 56 -59 Although commotion cordis is a relatively rare event, its prevalence is likely underestimated. 43, 54, 57 We found that thoracic trauma was not a risk factor for cardiac dysrhythmias among patients 70 years and younger. Among elderly patients (Ն71 years old) thoracic trauma was related to moderately decreased risk for cardiac dysrhythmias after adjusting for other variables. Readers should bear in mind that cardiac injury (i.e., areas of patchy necrosis, local hypoxia, and ischemia) may be produced by external traumatic agent without significant damage to the chest wall. 60, 61 On the other hand, the existing Barrel matrix provides only limited information about the anatomic site of thoracic trauma (for instance, whether the impact was toward the left precordium). Future population-based studies are warranted to better understand the relationship between thoracic trauma and cardiac dysrhythmias.
There are several limitations related to this study. Because of the nature of the data (i.e. administrative), temporal trends between trauma and cardiac dysrhythmias could not be established. There might be a higher probability of sustaining cardiac dysrhythmia in the presence of pre-existing cardiac disease; however, this database cannot provide any insight into this issue, since administrative data may not provide accurate insight into timing of events. Certain other problems such as coding accuracy and variation as well as a limited insight into temporal relationship between events have been related to administrative data. [62] [63] [64] In addition, such data may not provide full clinical information on certain important confounders such as smoking status or seat belt use. [62] [63] [64] Medical chart review, although more expensive, may provide more detailed information on both the exposure and the disease, 65 whereas longitudinal studies would provide indepth insight into timing of events and mortality. Finally, although we have gained power by combining all dysrhythmias into one group, we have lost the precision of the individual types of dysrhythmia.
It is important to establish the nature and degree of association between certain types of trauma, such as cardiac and thoracic, and dysrhythmias. Ventricular paroxysmal tachycardia can degenerate spontaneously into ventricular fibrillation or may result in congestive heart failure. 66, 67 However, it may be even more important to establish a link between trauma and supraventricular paroxysmal tachycardia, since such patients may be completely asymptomatic. Nevertheless, depending on coexisting cardiac diseases, such dysrhythmia can cause pulmonary edema or myocardial ischemia. 68, 69 Patients with blunt cardiac injury, therefore, might benefit from certain screening procedures for cardiac dysrhythmias such as ECG, although normal ECG at admission and during 24 hours in the intensive care unit does not exclude fatal cardiac dysrhythmias after discharge. 2 Results of this study, however, do not lend themselves to aggressive screening for cardiac dysrhythmias; rather, they suggest more research in this particular direction. Future research should also focus on possible association between other types of trauma such as back or abdominal trauma and cardiac dysrhythmias.
CONCLUSION
Blunt cardiac injury was found to be a significant risk factor for cardiac dysrhythmia. Longitudinal studies are needed to better establish the association between trauma and cardiac dysrhythmias.
